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Introduction
Portfolio problems usually have the aim of choosing, from a set of alternatives, a subset that considers some constraints given by the context and considering the purpose of the problem (Belton and Stewart, 2002) . A typical portfolio problem is a project portfolio selection that involves the choice of a subset of projects that seeks to optimize the benefits obtained, frequently subject to a budget constraint .
Optimal portfolios can be willingly established with the help of multi-attribute decision methods that use mathematical programming techniques to formulate them (de Almeida et al., 2014) . Thus, there are plenty of multi-attribute decision-making methods to evaluate the items from a portfolio, such as outranking methods like PROMETHEE , data envelopment analysis (Cook and Green, 2000) , or additive value functions (Kleinmuntz, 2007) , that will be the focus of this paper.
Considering the context of a company, when using an appropriate multi-attribute decision method to reach an optimal portfolio, it could mean optimal results, applying all the available resources and possibly leading to an increase in profitability.
In the case of using additive value functions for project portfolio selection, an additive value function makes an aggregation of scores of individual items to a general portfolio value (de Almeida et al., 2014) , and the portfolio score is the summation of the projects' overall values that are included in the portfolio (Liesiö and Punkka, 2014) . The method commonly attributes the value of 0, which is called a baseline measurement, to the worst item of particular criteria examined in the portfolio and the value of 1 to the best item in such criteria (Morton, 2015) .
It is important to note, when analyzing additive value functions, that these kinds of functions impose certain requirements on the measurement scales used for the items in a portfolio and, regularly, they are not considered in existing literature (de Almeida et al., 2014) , which could be a problem, once they have significant impact on the results (Martins et al., 2016) Hence, the purpose of this paper is to analyze the effects of such a problem in the project portfolio selection results of an electricity company in Brazil, focusing on improving strategic business performance. For this reason, the study will make an application to evaluate 32 projects from the company and compare the possible results when considering different scales.
The Brazilian electricity company in which this application took place has five distribution companies, a service provider for the energy sector, two service companies, a company engaged in generating electricity and a trader of electricity. Thus, an appropriate model for selecting projects portfolio can contribute to the company's permanent strategies of increasing productivity, maintaining their quality indicators and providing the opportunity for sustainable growth, considering its constraints to achieve optimal results. Moreover, the application was conducted using a web-based decision support system (DSS), which makes a multicriteria portfolio analysis via web for linear intra-criteria value function with sensitivity analysis, using Monte Carlo simulation. The case study conducted in this work considers results of previous studies related to scale issues for portfolio selection in MCDM context de Almeida et al., 2014; Vetschera and de Almeida, 2012; Martins et al., 2016) .
With the aim of achieving its results, the paper structure is: Section 2 does a literature review, and Section 3 discusses different scaling issues aspects. Section 4 presents a numerical application, and, in Section 5 the results of the sensitivity analysis are shown. Finally, Section 6 concludes the paper.
Literature review
Project portfolio problems are usually related with the choice of multiple items from a subset of feasible items, which collectively meet a budget constraint (Morton, 2010) . The main purpose of selecting a subset of items is to optimize the benefits obtained, improving the decision-making process by using mathematical models in the development of decision recommendations (Salo et al., 2011) .
It is important to note that, as a term, "portfolio" is frequently associated with finance and, especially, with optimization models that provide recommendations for making investments into market-tradable assets, characterized by expected return and risk (Salo et al., 2011) .
These models emerged with Markowitz (1952) and cannot be confused with the portfolio selection model applied in this study, which should be understood as a problem where a set of projects are considered for implementation and that seek to satisfy the purposes of the organization without using more resources than those available and also without violating other constraints imposed by the context (de Almeida and Duarte, 2011) .
To illustrate the concept adopted in this text, consider a problem in which n projects A i ( i ¼ 1, …, n) are available to construct a portfolio. The decision maker (DM) can select different projects, considering a few resource constraints or other constraints that determine whether a portfolio is feasible or not (de Almeida et al., 2014) .
In an optimization model, the primary goal is to maximize the objective function, considering the given constraints (Kleinmuntz, 2007) , which could be a budget constraint, for example. Therefore, the objective function (1) and the constraints (2) could be written as follows:
subject to:
where z i is a binary variable indicating whether item A i is included or not in the portfolio, thus z i ¼ 1 if it is included and z i ¼ 0 if it is not (Clemen and Smith, 2009 
where according to de Almeida et al. (2014) : x ij is the outcome obtained by item A i in attribute j; v j is the marginal value function of attribute j; k j is the weight (scaling constant) for attribute j, in where its summation must be equal to 1. Within this concept, currently, some authors have provided overviews on topics concerning project portfolio problems, such as baseline problems and scaling issues. For example, Clemen and Smith (2009) , when considering Equation (1), stated that the outcome of not doing a project has a utility of zero and this would mean it is identical to the worst possible outcome. In contrast, they alleged that the utility scale should be chosen in a way that zero utility is assigned to the outcome of not doing a project, rather than the worst possible outcome, which implies that some projects have negative marginal utility values indicating that the project worsens outcomes in some attributes (de Almeida et al., 2014) . Morton (2015) , in his research, studies the settings of baselines from a measurement theoretic point of view. The author shows that the value function of not doing a project can lead to a rank reversal and provide a measurement theoretic account of the problem, suggesting that the problem arises from using evaluating projects on an interval scale whereas to guard against such rank reversals. Thus, Morton (2015) indicates that the benefits must be measured on at least a ratio scale. Also, the author discusses how the solution proposed by Clemen and Smith (2009) (Morton, 2015) .
On the other hand, Liesiö and Punkka (2014) developed a baseline value specification technique, based on ordinal comparisons of project portfolios and a computational tool to analyze how sensitive the decision recommendations given by the linear-additive portfolio value model are to the baseline value.
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Further, in the same study mentioned above, the identification of potentially optimal portfolios was based on solving ILP problems, while analysis of the value-to-cost rankings requires pairwise checks between the projects (Liesiö and Punkka, 2014) . To conclude, the authors affirmed that the tests carried out with random problem instances confirm that potentially optimal portfolios can be solved in a reasonable time for problem sizes often encountered in applications (Liesiö and Punkka, 2014) .
When considering multi-attribute portfolio problems, de Almeida et al. (2014) discussed the effects of different value scales in these problems. They analyzed three effects: the portfolio size effect, the baseline effect, and consistency across different aggregation sequences (Martins et al., 2016) . The portfolio size effect that is part of this paper is defined next.
Taking into account that a model of the form (1) is not invariant to a linear transformation of the value functions (de Almeida et al., 2014), though a conversion of scores is sometimes needed with the aim of avoiding to exclude portfolios with a negative net flow (Mavrotas et al., 2006) . The adaptation can easily be shown, as already pointed out by de Almeida and for the PROMETHEE V, through replacing the value function v(.) by a function w(.) ¼ av(.) + b:
where c ¼ Σz i is the number of items contained in the portfolio. Depending on the sign of b, a linear transformation of the original value function will thus lead to a different objective function which favors either large portfolios ( for bW0) or small portfolios ( for bo0).
De Almeida et al. (2014) denoted this effect as the portfolio size effect. The same authors (de Almeida et al., 2014) proposed the concept of c-optimal portfolios to overcome the portfolio size effect. By adding the constraint c ¼ Σz i , the problem (1) can be solved for portfolios of a given size c. By varying c, different portfolios are obtained, which then can be compared to each other at the portfolio level using any multi-attribute decision method. Nevertheless, the portfolio size effect does not exist if v(A i ) is measured on a ratio scale, which has a fixed zero point (de Almeida et al., 2014) . They also show that these three effects have similar causes related to the use of an interval value scale, which allows for the additive transformation of utilities (Martins et al., 2016) .
Vetschera and de Almeida (2012) also explored another formulation of the PROMETHEE V method and developed different alternative approaches based on the concepts of boundary portfolios and c-optimal portfolios (Martins et al., 2016) .
It is worthy to say that PROMETHEE V method is related to a non-compensatory rationality (de Almeida et al., 2015) , whereas the additive model uses a compensatory rationality and this should be checked with the DM's preference. A framework to deal with this evaluation is presented in de Almeida et al. (2015) .
Therefore, when analyzing additive value functions, it is important to note that they impose certain requirements on the measurement scales used for the items in a portfolio and, regularly, they are not considered in existing literature (de Almeida et al., 2014) , which could be a problem, once they have significant impact on the results (Martins et al., 2016) and that is the reason why they are prioritized here.
For this reason, this study suggests that it is always essential to make an adequate scale transformation first, that it is appropriate for additive multicriteria portfolio analysis.
It is important to note that the portfolio size effect does not happen for all the cases and they will depend on the combination of values and constraints considered by the problem analyzed (Martins et al., 2016) . Moreover, it is always important to examine the existence of the scale problem and, if it does happen, then one should make the necessary changes to adequate the case (Martins et al., 2016) .
Scaling issues in multicriteria portfolio selection
According to some studies, this paper will consider only linear marginal value functions. Usually, value functions are scaled so that a value of 0 is assigned to the worst and a value of 1 is assigned to the best outcome (de Almeida et al., 2014) , as said before. For a linear function, this implies that v(.) is defined as follows:
where x j ¼ min i x ij is the worst and x j ¼ max i x ij is the best outcome in attribute j. Equation (5) is a linear transformation of the form (de Almeida et al., 2014):
and thus, will lead to the portfolio size effect. According to de Almeida et al. (2014) , for a ratio scale, an adequate transformation is as follows:
which avoids the constant term and the portfolio size effect. According to de Almeida et al. (2014) , the transformation (7) will map outcomes to a different value scale than (5), which means that weights that were elicited using (5) cannot directly be applied to a model using (7) (and vice versa), but must be adjusted to the different scale (de Almeida et al., 2014) . Thus, the authors proposed the following transformation.
Denote by k j the weights used in the original model using (5) and by q j the weights to be used for (7). The weights must be rescaled to obtain similar evaluations of alternatives as follows:
Alternatively, to maintain the scaling that weights sum up to 1:
This change in weights could be avoided by using the transformation:
which transforms x ij by the same factor as (6), but does not include a constant term (de Almeida et al., 2014) . In this scale, the best item might have a value larger than 1, and the worst might have a negative value (de Almeida et al., 2014) . For more complete information on this scale transformations or additional-related subjects see de Almeida et al. (2014) .
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To facilitate the use of these concepts, a web-based DSS has been developed incorporating these results. Since most procedures for weights elicitation in additive models uses an interval scale, the DSS allows the possibility of converting the weights for a context of ratio scale to solve the portfolio problem. By option of the user, this scale and weights transformations may be done in the DSS. The results from this conversion are shown in Section 4 and the results of the sensitivity analysis also provided by the DSS are shown in Section 5.
The application in an electricity company is presented in Section 4 and demonstrates how this scale issue may arise and its consequences.
Application in electricity company
As pointed out before, the purpose of this paper is to analyze the impacts of scaling problems in the project portfolio selection in an electricity company, focusing on improving strategic business performance. Therefore, the study will make an application to evaluate 32 projects from the company and compare the possible results when considering different scales.
The Brazilian electricity company examined by this research is a traditional member of a group which are in a market considered monopolist and granted by a public concession with a rigid regulation and has been favored by a robust growth in demand, arising from factors such as redistribution of income, incentives to expand the export sector and growth in household consumption.
Given this scenario, the portfolio considered comprehends projects from different sources, such as projects required by the electricity planning and regulatory agency: IT demands, research and development projects, and projects of strategic planning and customers' contracts.
Each year the company has an annual review of its strategy and the outcome of this strategic planning process brings out several projects. Since a large number of projects are considered at the beginning, a pre-selection may be necessary in order to define the projects that are pertinent and have the potential to increase some value to the group business.
Hence, an appropriate model for selecting projects will contribute to the company's permanent strategies of increasing productivity, maintaining their quality indicators and providing the opportunity for sustainable growth, considering its constraints to achieve optimal results. Also, the comparison of the model applying different scales (interval and ratio scale) will show the impacts on the results and how they can be maximized with a correct scale transformation for this kind of problem.
During the strategic planning cycle for 2014, around 83 projects were initially listed for the project selection course of action, but only 32 remained to be considered in this application. Some of 32 projects will be selected for the portfolio of the group. The proposing department filled in a data sheet about the project containing information like a summary of its scope, high-level requirements of time and cost and a statement on the contribution it would make to the organization's strategy. This practice simplified the judgment of the company's director, who was the DM.
With the intuition of balancing the portfolio, the model lays down that all projects proposed in the annual cycle should be classified into some defined categories: expanding the profit margin (AM), regulatory risk (RR), Customer Satisfaction (SC), and competitive business (NC).
For intra-criteria evaluation, i.e. the evaluation of each project against the established criteria, the analyst developed a verbal scale that the DM used, with the aim of facilitating the judgment of the projects. It was necessary to convert from a verbal scale to an ordinal numeric scale to create quantitative information. The criteria considered were: level of complexity (to be minimized), impact on the result (to be maximized), strategic alignment (to be maximized), confidence for achieving the benefits (to be maximized), contribution to customer satisfaction (to be maximized), and improvement of regulated indicators (to be maximized).
The weights already normalized, the verbal scale and the corresponding numerical scale for each criterion are shown in Table I . Table II describes the problem's attributes, with their respective values for each project. Note that the first criteria, the level of complexity, must be transformed, once its objective was to be minimized. The other column, budget, lists the necessary budget required for each project and in total there is a limit budget of R$2,748,885.00. The last column shows the additive model results, with the weights related to an elicitation procedure based on an interval scale.
From the use of the additive model, the results indicate a portfolio with 21 projects, for the interval scale. When analyzing the categories, seven projects were selected from AM (expanding the profit margin), six from RR, two from SC (Customer Satisfaction), and six from NC (competitive business). This solution uses a total budget of R$2,748,067.00; R$818.00 less than the total available and it has a total portfolio value of 11.62. Now, considering a ratio scale context, with the proper transformation of weights, Table III shows the results that lead to another portfolio, with 23 projects, in which projects RR05, NC01, and NC09 are replaced by projects RR09, SC02, SC04, SC05, and NC08, and this is the best solution for this problem, based on a multicriteria portfolio analysis.
When analyzing the categories, now there are still seven projects selected from AM and six from RR, five from SC, and five from NC. This solution uses a total budget of R$2,748,618.00; R$267.00 less than the total available and it has a total portfolio value of 15.26.
It is possible to infer that interval scales favor a portfolio with size c ¼ 21, whereas a ratio scale indicates a portfolio with c ¼ 23 when analyzing both of them. Also, projects RR09, SC02, SC04, SC05, and NC08 require R$551.00 additionally in the budget, available in the limit constraint when compared to projects RR05, NC01, and NC09. These five projects give additional outcomes for almost all criteria, except Impact on the Result, when compared to the first three projects. Table IV shows the comparison between these alternatives.
It is possible to see that interval scales favor portfolios with fewer alternatives, decreasing the actual value of larger portfolios artificially and this is the importance of making an adequate scale transformation for the problem (de Almeida et al., 2014; Martins et al., 2016) . This application has shown a real case of portfolio selection, particularly in the domain of the electricity sector. The implications of these results for practice are that when an adequate scale transformation is considered in an additive multicriteria portfolio analysis, this can contribute to a company's permanent strategies of increasing productivity, maintaining their quality indicators and providing the opportunity for sustainable growth, considering its constraints to achieve optimal results. Moreover, the numerical application presented here showed two different results and how they were maximized when a scale transformation took course. It could be inferred, then, that there is a society positive impact in the energy sector, once this study was applied in an electricity company. Therefore, practitioners should always examine the existence of scale problems in portfolio selection, by applying the methodology proposed here, and having in mind that the portfolio size effect does not happen for all the cases and they will depend on the combination of values and constraints considered by the problem, as pointed out before.
Sensitivity analysis results
The results of this application in the electricity company have been easily assessed using a computational tool. This web-based DSS makes a multicriteria portfolio analysis with additive aggregation for linear intra-criteria value function with sensitivity analysis, using Monte Carlo simulation.
The additive portfolio analysis with the DSS mentioned is done by applying the transformation discussed in Section 3, and the Monte Carlo simulation procedure repeats the model N times, varying parameters within a selected range of values and a distribution of probabilities established. Then, there are obtained N solutions for the case. For this purpose, N should be a large number, and many of the N solutions may be identical. The web-based DSS is divided into eight parts: the main page of the system; the input data part; a page that shows the consequences matrix, constraints, parameters, and weights from the problem; an option to transform or not the input weights, depending on if they were obtained in an elicitation context of ratio scale or interval scale; an option page of not transforming the input weights or an option page when transforming the input weights; the sensitivity analysis part; and, finally, the results from the sensitivity analysis.
A few parts from the program are shown next. The option page of transforming the weights shows a comparison between the weights with interval scale (1 from Figure 1 ) and the weights obtained with a ratio scale (2 from Figure 1 ), both of them for each criteria. 3 from Figure 1 , 4 from Figure 1 , 5 from Figure 1 are the results vector for each alternative, the alternatives portfolio value and the overall portfolio value, respectively. Figure 2 shows the page of results from the sensitivity analysis, in which there are the cases with non-standard portfolios (1 from Figure 2 ), the cases with standard portfolios (2 from Figure 2 ), the total cases (3 from Figure 2 ), the number of non-standard portfolios (4 from Figure 2 ), the parameters (5 from Figure 2 ), the range (6 from Figure 2 ), and finally, the chosen probability distribution (7 from Figure 2 ).
The system also offers the possibility of exporting all input/output from the problem to a Microsoft Excel Worksheet, if the user needs.
To evaluate possible uncertainties of the case study, a sensitivity analysis, based on Monte Carlo simulation, is made using the DSS. First, it was considered the weights as a parameter in a ratio scale context, with a range of 10 and 20 percent, a uniform distribution. For both ranges, the standard solution was considered the best once there was no other recommendation, and the standard portfolio remained the same.
Also, variations in data of the consequences matrix have been examined, with a range of 10 and 20 percent and uniform distribution. For a range of 10 percent, the standard solution was found to be the best one, there was only 0.05 percent of the cases in where a new solution was recommended, which means that one non-standard portfolio was recommended. In this case, projects RR09, SC05, and NC08 are replaced by the projects RR05 and NC03. The results of the sensitivity analysis considering data of the consequences matrix as a parameter, with a range of 10 and 20 percent are shown in Table V .
When considering a range of 20 percent, only 15.10 percent of the cases recommended a new solution, which is still a good result for the case, once 32 non-standard portfolios were recommended. In this scenario, project RR01 is included in two portfolios, project RR05 is included in almost all portfolios, totalizing 28 portfolios and from the RR category, project RR07 is out of 17 portfolios, while project RR09 is out of 15 portfolios.
In category SC, only project SC09 is included in five portfolios. Project SC03 is out of 11 portfolios; project SC04 is out of ten portfolios and project SC05 is out of 22 portfolios. In the last category, NC, the projects that are considered to be included in a portfolio are NC01, NC03, and NC09. Project NC01 is included in 16 portfolios, project NC03 is included in nine portfolios and project NC09 is included in 14 portfolios. On the other hand, project NC04 is out of seven portfolios, and finally, project NC08 is out of 21 portfolios.
In light of the results presented above, the sensitivity analysis showed a robust result for the case. Even so, there were a few changes and the DM can analyze the portfolios, evaluating just the alternatives that have changed. Still, it is possible to infer that most of the uncertainties related to the considered problem are the consequences, because when they vary they create variations in the portfolio, as shown in the results of Table V. Also, projects AM01, SC06, and SC08 are always out of the portfolio, and project AM01 represents the alternative with the biggest budget required. All the other projects from the problem are included or not in the different sensitive analysis situations considered. 6. Conclusions This paper has studied how to improve the strategic business performance in an electricity company by introducing new considerations for applying multicriteria project portfolio selection. This has been done by incorporating in a DSS previous research results, related scaling issues in this kind of portfolio analysis, evaluating 32 projects from a company and comparing the possible results when considering different scales (interval and ratio scale). It has been demonstrated that the scaling problem is caused by the effect of an additive value transformation on the standard portfolio construction model.
When considering an interval scale context, a portfolio of 21 projects was found, contrasting with a portfolio containing 23 projects when considering a ratio scale context, with the proper transformation of weights. Thus, the implications of these results for practice are that when an adequate scale transformation is considered in an additive multicriteria portfolio analysis, this can contribute to a company's permanent strategies of increasing productivity, maintaining their quality indicators and providing the opportunity for sustainable growth, considering its constraints to achieve optimal results. Moreover, the numerical application presented here showed two different results and how they were maximized when a scale transformation took course. It could be inferred, then, that there is a society positive impact in the energy sector, once this study was applied in an electricity company.
Additionally, it is worthwhile to recognize that additive value functions approach imposes certain requirements on the measurement scales used for the items in a portfolio that should not be ignored, once they have a significant impact on the overall portfolio results.
Besides, the application conducted in this study was assessed using a web-based DSS, and a sensitivity analysis was performed to analyze the robustness of the case. The results were satisfactory, and it is possible to infer that most of the uncertainties related to the considered problem were in the consequences, because when they vary they create changes in the portfolio, but still gives consistency to what it was proposed here.
It is recommended that this application should be done in other sectors to examine the existence of scale problems in portfolio selection, which will depend on the combination of values and constraints considered by the analysis with the aim of demonstrating a larger impact in the incessant pursuit for optimal results.
